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SOME PRINCIPLES GOVERNING THE ESTABLISEMENT OF
METEOROLOGI'CAL STATIONS ALONG AIR ROUTES.*
By P, Aujames.

The organizatlion of a meteorqloglocal servioce for an ailr
route lnvolves the solution of iwo distinot protlems:

1. Pistribution and grouping of metsorologiocal stations;

2; Commmications.

Experience galned in tas establishment of two lines, Paris-
Warsaw and Conetantinorlie-Bucharest** snablas us to sstablish

certain prinociples, wnich 1% may be of interest to note here.

I. Dig

Before touching upon the study of this Queation, 1t is well to
recall the principles for laying out an alr route. Then 1t 1s '
proposed, under existing conditions, to establish a regular alr-
plane transportatlion service between two pqinta 1500 or 3000 kilo-
meters apart, 1t 1s out of the question, for techniosal and commer-
clal reasons to fly the whole dlstance without landlng.

Therefore the line is divided into seotlions of 400 to 500 kll-
ometers, tsrminating in large cltles. Airplanes traverse these
sections in a single -flight. Example: Paris-Sirassburg-Prague-
Warsaw. .

Laying Qut the Sgoﬁigng.; A seotion of an airway should not
be regarded as a straight line betwsen two ocities (wWhich would be

* From "Premisr Congrés International de la Navigatilon Aérienne,"
Vol. I, pp. 115-119, Parls, November, 19231.

** Frenonh Leronautic Mission in the Orient.
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a serious mistake), but as a passage-way from 50 t¢ 120 kKllosel..ra
- wilde, within which the actual track 1s determined by experilence,
that is to esay, from a perfect knowledge of conditions in the re-
glons traversed, thus assuring maximum safety by exclroling obsta~-
cles, flylng over the greatest possible number ol landing flelds,
avoiding distriots of meteorologloal disturbances, ete.).

In aviation, a straight line is not the shortest distance be-
twesn two roints, for exsmple: Gon?tantinOPIe-Buoharest by Adrian-
ople and Giurgevo. On this route.the itinerary followed by the
airplane changes from day t6 da& and from one part of the da& to
another,

The duty of the meteorologival organization consists in sur-
Plying at any moment information enabling:

1. The departure of airpianes, when the atmoesrheric conditions
are sultable for flying and landing with safety;

3. The detesmination of the fath to bs followed within the
strip of territory constltuting the section.

Heteorologloel Organization.- Granting the above, the meteoro-
logiocal organization of a section comprises:

(a) The division of a seotion into & certain number of zonea

These zones are portiona.of the territory with uniform climat-
ioc conditions. Exemples: Champagne, Lorraine, the Bavarlan plateau,
Yhuringie. T oo

This division ﬁeoessitaﬁes & very carsful meteorologicel study.
In each of these zones a fariaﬁle mutber of meteorologlcal stations '

will be installed.
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(b)lTypea of zone meteorological étations, tLree typres:
1. Central stations for colleoting {pﬁq;matlon and making
soundings, and mountain stations;
3. Auxilliary observation stations.
(a) Along the route.
(t) Tor near lateral protection,

3. Statlions for distant lateral p-otectlon.

Central Stations.

L] - . . -

3, These must colncide as ruch as possible with regular or emsr-
genoy landing fields. In sach sectlon 1t is nesessary to have a3t
least as many stations of this kind (not including mountain sta-
tions) &s the average number of hours of flight requi-ed for trav-
ersing the glven section. A station of this type 1ls also estab-
lished on some summit in every mountainous reglon traversed. 3Snch
stations are provided with complete meteorologl ml outfits. Thelr
rersonnel comprises at least one meteorologist arnd one assietant.
They oan, in particular, make soundings with pilot balloons (or
captive balloons). It is assumed that tihe wind direotion and ve-
looclty are constapt throughout the entire zone within whioh a sta~
tion 1s located, as Qetermined by the soundings. |

These stations are conneoted with the auxiliary observation

stations by some suitﬁble means of communioation. .

A 1 0b S 8.
These stations should be located, some in quincunx formation

relative to the median line of a section and at 40 kilometers from
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this line, the othere (few in number) on the line itself.

_ ';ﬁ_igha cozmon e;;g;lﬁo wish to lnoreass the numbsr of obssr-
vation stationé on the direct line between two points on the map.
Thiq is a réault of the error committed in defining the path of an
alr route and always results in limited information.

Thes; auxiliary stations do not makq soundings. Their only
duty is to observe oloudiness and visibillity. They do not require
speclal apparatus or personnel. It is sufficlent to have.agents
reslding in the locality, such as teachers, cusioms officers, eto.

The aerial navigation companies have deocided to malntain a
complete system of these stations. Their distribution in quinocunx
alone enavles the utilization of thé meteorological information,
even two or three hours after the obeervatiion. The fundamental
difficulty encountered 1s that of communiocation. In the usual cass
of a wind blowing across the section, the lateral stations enable
a falrly exaot forecast of cloudiness and varlations of visibility,
in the strip of land included in the sectlon, and, oconsequently,
ths deﬁermination of the-.1tinerarlies of the alrplanes.

8 ' D1 L
In order to be able to make foreéasts for periods of five or
8ix hours end to proteot the line against violent storms, it is nec-
easary to locate meteorologiocal observation stations at distances of
frcm 110 to 150 kilometers from the line. These stations are se-
leoted from among those included in the meteorologlcal organization
of a country. Example: Line, Paris-Strassburg : Dijon-Maubeuge;
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Strassburg-Prague : Frankfort-luniock.

11, Communioations.

Sinoce it is lmportant to choose well the location of the sta-
tions, to group them 1in a proper manner and %o make careful and
frequent cbservations, it follows that the most difficult problem
to solve in the organization of the alr routes 1s tﬁe problem of
oommnlcation. The value of the meteorologlcal servioce dspends on
the efflolenoy of 1ts lines of communication.

It is much less difficult to make observations, than to assen—
ble and maks prompt use of them. A meieorologlcal report Lowever
ls really valuable only at the time of the otsezvation.

- It is necessary, therefore, to establish a very somrlete and
perfect system of commurniocations. This can only bs brought about
gradually. It is by constant effort, grea: patience and mich ax-—
pense that valuable results can ve obtainsed.

The commgnioation Troblem consists of two narts:

(a) Assembling the iﬁformation;
(b) Interpretation and use.

Assembling the Information.
Central statlons and mountain stations must be eGuipped with
telephonioc and radiotelegraphioc systems of communication.
- (a) Radiotelggraphy can alone assure sufficiently rrompt
transmission of information to the other ocentral stations of tne
line. It alone_enables the reception of information from.these

stations and from the stations for distant lateral protsction.
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Experienoe shows that aerisl navigation canno% do without a
-speoclalized radiotelegraph bystem, which alone can assure a suffl-
clantly rapld comaurication for the needs of air trgéfio.;ni fte
meteorologloal service. Suck a system is being oreatad in Fraroe

and in Englend.

The utilization of non-speclalized tslezgraphlec and radiotele—~
graphioc systems 1ln other countries 1s the source of greet diffioul-
tles. Communlicatlons are Intermittent and essagess travel too
slowly. Moreover, thls sxpedlent does not ensble ocommuniocation
vith alrplanes.

{(b) The principal and secondary statiors are comnected by
telephone (except in special cases). It is necesaary to obiain
telephonio priority, whick is verry troublesome. Tre cormmunioca-
tlons must be sent out at a certain time for regular observasiocas,
aside from which they ars only sent as excepiicnal nessages, in
case of storm warnings, It 1s important for these warnings %o oe

transmitted as promptly as possible.

Interpretation and Use.

Assuming that the information is brought together 1ln the de-
sired time, it is important to profit from it as mmuch as poasible.
First 1t must be interpreted and then put to the best use. It 1s
necessary for the contact betwsen metsorologlist and.pllot to be
close and constant., It must be recognized that the pllots are
very skeptical concerning the accuracy of meteorologlcal inrorma~

tion. A%t the opening of a line, much pafienoe is therefore requir-
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ed to win them over and obtain their confiienoce.

The meteorological information must be pressnted 1n as conziae
and simple a form as possible, easy to a;;imilate and to use. A%
aach ai:drome, tho meteorologiocal information ranccived must he
poated from hour o hour. The best means consists in having very
laglible converntlional signs on & map, as is done at Le Bourget and
in general a% all the airdromes of the S.N.Ad (Serviocevde la Navi-
gation Aérienne) in France. But this precaution does not suffice
for utilizing the information as a whole. It 1s dangerous to rely
on the memory of the pllots and errors of lnterpretation are to be
Feared.

It is necesaary to place before the syes of the pilot, on tke
alrplane itself, a card showing graphically all the information in
condensed forr and indicating, by way of suggestion, the proper
itinerary for him to follow and the altitude at which ke should
fly. It 1s also advisable to obtain from pilots thseir deteiled
criticism of the information furnished.

With the "Comragnie Franco-Roumaine" I use a graphic system
vhich gives good results. Since the adoption of this system, the
Pilots have gradually acquired greater confidence in the value of
the rerorts, ;nd furthermore, it 1s possible to keep strict watch

over the work of the meteorological statiomns.

c ic G Al e.
In all of the above, we have supposed that the sirplanes did
.ot have radlotelegraph and radiophone appafatua enabling commuri-



oaitions with the ground.

- --With -the- approaching use. of. very 1arge,girp1anes,.necesséztly
involving radio-electrio lnastallations, the metenrological comm-
alcations will ba facollitated. There will also De an exchange of
information between the ground and ths alrnlans.

In general, an aviator should receive information from the
Zround regardlng a reglon an hour before flylng over sald reglon
(sounding by the central station). This information determines
his average altitude of flight. He should also receive the reports
from the éuxiliary observation stetions giving tke vislbility and
the cloudiness, thus enabling the determination of his itineraxy.

This precaution is fundamentally important for the landing
zone at the terminal. 1In fact, 1t must bs ascertained whether
the visibllity 1s sufficlent. The duty of the navigator aboard
she alrplane is to interpret this informetion and inform the pilots
as to the proper route. Furthermore, instruments like the "navi-
graph" of Mr. Le Prieur, enable accurate checking up of the route
followed. It also enables at any instant the determination of the
alr speed. We can therefore conceive of the possibility of accu~
rate observations aboard such an airplane, which would constitute
a verltable flylng observatory. There will then be a means of
checking ground cobservations on the airplane from which other air-
rlanes flying over the course can profit greatiy.. This advantage,
especially in foreign countries, will partially offset the lack of
satisfactory g-ound meteorologlcal service. The times for making
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the soundings must be daterminod by definite instructions. They
st precede, at each point, the regular passage of the airrlans
by ar hour. On the othg: rand, ground stations must always be
r3ady to reply to questions from an airplans. The aviators must
listen frequently Ffor short periods, in ordex to allow the grcuni
stations t2 sernd them particularly urgent information, espeocislly
storm warnings.

Such ars the prinocirles, lesrned v experience, which must

gulde us in the organization of a meteorologzlcal service.

Translated br the National Advisory Committee for Aeronavtics.
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